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i ] jt£35HM*{c<$if £tifcg«±(c, mm 
-r s mm<Dmi&®.ft $ ft « «Ho«fiRj«5j-*$tf «« # 

mmmon - v ifl&wtfui s ft »± i n - v 

jK*«©J««2rffiK:*$^T. ±I23«±lc|fi 1 

7c«sftttviflE7ais* i ^jw&j:Jtarer«sxs 

2 Oimw*»HtO«l«fi8», Sft« 

CW**2] ucss^r, §^©-^©±12*1 

*A**>>fr*ffiJEBtlBI«:» ±E*«K:*t»LftVfli7C 
*Sft« ViaiTcJISoaffilftBW^ 1 »7It44KB 

«K©j8S2f8;K:*5l,>T\ ±f2g«'\©-<?J©»lg!©#t 

*i*»Ho«iiaj«»-i»**iiiaBa»sfc(±iiisaa». 

*> L < ttlllglfiR^t ft«IIffifig»?:-&tyjm«^X^± so 
iBS«±KBfjaP5AU -s>^T*±f2S! 2 ©^jgttffjgi 

s±fc«*A.-r * c t tew* tta^f DMsmnojAs 

mii. ±Elll«E7aR*fc«uas7cJR*<±K»«±»J: l 
#?**«j«**»cg*-*«©S»efcT*cfc*W« 40 

^M-XffeSCt^Sitt^fa HI3iJ?|g©/£ 

[fS*16] M^ltt^LM:ftg(5®V>rnfrl3(lc 
fc^T, M«t<z>«|j£j£4h *fttt«j«*»*$ty«»* 

ii, in, iv. v, vm<07zm<D?*>frzmiR 
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im&m 7 ] i Law** 6 ©i^-f i *k 
8 ] m$« i * <^ us*s 7 o^-rn** i 

3Sf*5SJK{±* InP, InCaAs, GaAs, InG 
aP, GaSb, 1 n G a A s P, I nAs, GaP, 
ZnS, ZnSSe. ZnSe, ZnCdSe©^* 

f-is^ns 2 wcLh©fi-&-efc«i:»)«i«*n*c k* 

[■MSB 9] X2£H&£&&£nftWRj££$ffirt(c 

S21!iB«*S-tr;l' £ <DH fc , ±B*"fe*/* 6 ±fBS«±tc 
»A1-*W(WIMt)S^. $ft«StM©:|i§/3c/£#£:-§€? 
H*^"*© I SPfe L < «£gB# % &%.<D&m<Dt%?smtE 

bft c t^omt-r^y- pssiiossm. 

l gpfc L < fl^<D£ft<Di$HgiTL1§ 
fiXS^rfT 5 ft C i: ^#iS:i: f 5 -^x n«jg» 

[000 1] 

[0 0 0 2] 

[!**©««] fle*OWBUR«kLT«rx*ffll/\ftiNI» 

(Gas Source Molecular Beam Epitaxy, WTG SMB 
Ei:SBS-T«) itLTfi. 0!IAJf^PBS57-3O322^ 
ISt ftti^^BH61 -2221 \2WjkWm\Z.mmi£tlT^Z>it 

tt®¥mt*wm<D&i$j5mtfmfe>nz B b9», gs 

Mlc«ifSnftfi5c5Sgi9rtti:icM?n, S«^8tc 
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T'feSHttllla 2 2. B&III b 2 3 te, — HSCffl^t 

*oasKin«k sssufca. a«2 4±tctty&£ti 

So VlCIlg^tSSA'XtljOV a 2 5, V b 2 
6«\ ^ft^tUD#y-^2 0.2 1 fc^e^ft, >W7 

1 a, /^l/^2 a^LTIB]— ©^5<v*>^-b;b3tC 

{fcS&sns, £^©a#v-x5mi-tr;i/4, sfcitf 

^y+V^'-te^SlCli, ->t7?3a, 4a, 5a 
*V ^ft-rn^StlT^So tC5T*> 01Jx.{±*III- 10 
V^{b^»¥«tt»^{Cfe^T. 2«i-X±<DVj£<DJ?i& 
S¥»#»JBtT*;fcSIII a V a till b V b ft 

*^t v as 2 4 icms-tziumt vmmmvw&x. 

Ig^iJSfc&S. t£3fS<DG SMB E^gKfcW-S'Vr- 
nJ^fcfcttSfm<9$J&*.«, WTOlST-RbtiT 
Vfco £f\ Ilia V aWJ£%'W7 1 a, f^-y*3 
a, 4 3«n^ IIIa*4:Va«JH»*» NttlC&tii 

2 4K0USU m^K* j1«<DMB EfiKfifcfr C 

-^7?4a £:P^ CT, III a CO^^rlf ih U I 20 
IIaVaWKO««*»T-r*. C£>B#> KBRffiAW 
<. «HSl> vaaCRTf J5* V a »« 

2 4^<DQt&%:WWi-t2>o C^T% /^U^l a*BH«>, 
A;b^2 a£rP»BttT. ^9 3 tcaSA-TSHi 

5^*, Vafr£>Vb»c#J&*£ 0 CCDHs VSlM^fi, 

a &I?B«\ III b V b«£©f£g*ll3J&-rSo 
[0 0 0 3] 

^n|?ffilcfettSV8^fc©gjgS*.^ StgfcJSJB* 30 
m&\,l£tft>'Ur>T^tzrctb, gl£±lc V aDRt V b 
B»*H9«eiBftt*i:tt:fti), c<9fci6Jgfi!c£ti 
S»MO'N'ra|?ffijfic^fcfev>r, ^mWtcill^hV 

mcDMs$.ittfmm<DMi$.bttm%zBm. mama 

VaVb. IllaVb, III a III b V a V b &£<blll a 

vajKtuib^ v bmmommmmtfmetLrz 

^tr-5fcV^P^S*^U5o 01 0tC, 
Zit1tm-VMik'&&mt*WmT*2>& 1 n G a - A 
stln P^6§4'NfaiMii&, I n PcD^tg 40 
»JRxy?-vVh*m>Ta«ltSS*bfca. InGaA 

■to In, Ga, A s<DS*' , {CP<D#«E%^-r^--^x 

^©easffi-P^tM^-Brfc I nGaAsfcl n Pfre>£S 

7jk? 0 I n PiBt6*»60X»S*f^^ h;l/fcJt«U 
I n G a A sfr&©X»0SfX'<* h;H*3PHtC«» 



2 5 A<£> I nGaAs/1 n P»?#F£\ fg»S^ 

m^-r, ^#e>nfc7*^ ;l> = *-ytr>X X-^MU 
«, ¥ffifeW£<^#£:/n-K&X-"^ h;l/t&oT 
^5. JiLtO^**^ «giT'iI^t/-;l nGa 
Astln P^xn#f3gjS§|&, ^CDWffilC&l^TlSJI 

vaioiasjttfattKaft-ar. jBm«Kms©»aj£ 

x* (WTHBTi:«wrs) K43tr*T<i, «WPJ». 
»fBs"ll»07*/ W X^tt?r# L < s&ffc* tfS-H £: * 
So £f=. ±fe©SHWPfi, KlCInGaAstlnP 

*\ Pllf ©P^jgfci, {flRfa: InGaPtGaAs, Zn 
StZnS e ttZ(DmiDtt$m(»'\7-umimfe<Otil& 
©fgKfc-^Tfc^USo 

[0004] *^H^£Ds^fi. ±mm&&mcisttzm 

3tt£ txS H B T & Ecom&T'rJ W X<D/&S?3i4 tt5i/-> 

3i«»o jSft&i* * «t era- n***f s ga««tt-r s 
c ttcfes„ 

[0 0 0 5] 

SfiOflt^ftL, IIIaVa*ilO««*»7-r 

So c©^, v amwM<DW&iz tif%mmigi-tz>o •=> 

±ISO«l8*lt» Lfc». Ill b V b WW)0H7«S V 
bflafm*fc«IIIbfllHfiO-*OBlS©«lft*, * 

A\ fcU<tt*©?I^F*H«fK:«»U IIIbVb»« 
OJ«S*H(WS. ft*. ±KHim VbjKCH^ 

<d«*&%stsp^u, tzmmmc nibis<oji«o« 
*e^p^te-rs->-'7-yxig^LTv^So ^©^f 

or, Km<nmmm<Dii-vim*mt*m®&rzitm- 
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n%^Tummnm<Dtftmj5mci5^Ts ±es«± 

tc, SI 1 O^ftSI^SL/ct, sis l <D¥«f*?H 
«*«rt-r«V»l7£«*fc*iVI»l76** 1 5HPJiJM± 

jas s ft it v i8OT*o^ffi«j»i # i ft=?m kft&iz 

ft. ^(HO^-rofllJSWMOfiJtaTJffiJcfev^T, ±12 
«CrWR>ffXOSIA*»fffi«FM*»bft*. XfE-v^n 

iii««»*ft«nau«^ l < ttiiiai*»*fcttii 
-r ^ss 2 <D*mtmm(Dmi£j£ftT*&mnMjm& ft 

Jg3B^TX©S16±^oa»A»«. ±Elliai7G**fc«l 
I»E7C*^±I33HEJ:JC 1 ^JiWftirr 

ft, jffifi"rs^-rn«K6S)Kta:> ^ru/Wt°-7h7 
I. IV. V, VlM(Dfim<D : i*>frZ>Ml£in2>'P%:< t 

nosKiffitfSSo «6*c. aKowAjXd, *fta 
mmmm*mf£?z2mix±<Dm%z*m#mm&, i 

nP, I n G a A s . G a A s. InGaP, GaS 
b. InGaAsP. InAs. G a P. ZnS. Zn 
SSe. ZnSe. ZnC d S e03^6BKStlS 



EJKfttKIS'fe;!/ fc OBBJC. ±E#-fe>l/**&±E»»c:SI 
«ciltKL»S«JtO^-vy#*^a< fct HB«±E» 

t. ±eo^xn«jeTOo*«Haitt. 3HRfc±E« 
n§ii^iM7j\ *fttt»«fl!>«i**»«d€taw 

[0 0 0 6] 

[ffffl] Ilia Va»«Orit«»T«. tiBHVaM 
©VaflOTJirc*£fc«*>ft*o COS. VaSEIKSO 

20 X-rSVKJSS*. Va^^Vb^tlM^o £ftC£) 

zfci. S«SaStc^tSifl#jOVaK7ClRtfK)!tb. 

(i ^«)fcft««PHT»So Ltifao 

T. ^*ffittl#?»©VaflSWT?5^fc«toftS 

cfcicaso L(oi, vbaaRS*fcttiiibsnR»o 

^OM^^WS&^rfirVV IIIbVbWIH<Di«S*BBJ&-r 

& 0 t3«ppjti. vb«ig»*ftttiiibaeja8o«je« 
30 mmmmc i s^fjhsk $fti**osi»«#<Dv b 

S^IRSftttIIIb«l7ClR<OJg^^S|-r5«^a-rs«F 
H^&S^-StcHfi-r^o Sft. WK: t3WpB*»»-f 
icillb. Vb»S»*ra«FJc«J&LTfe3EI»tt»^ 

v«M*a«^«tt&Lftv^«»TfTfcn«ft 

ftH 1 2 fe.fc tf— 7?<DW«lR«<D«ie«FM 1 3 ±5« L 
40 ft^fiftJCfiei/^ttSE-rSilfctCcfcoT. ^ra^ffitOi 
*av^iR*ftttniae^O«l**^J*tu 

[0 0 0 7] 

<Hfliffll l > **«ffil»c^^Ttt. I n PS^Xtc I n 
G a A s t I n PK<fc OWtigSns^-roWifiSKOiE 

so ^UT1<*1 ru @*GaW\ V«IIR»l:bT« 
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Tfo^S (AsHs) . it^y^y (PHs) *m^tco 

-ffil^^-To B3tt, *StMIT«fflLftGSMBE 

HT&5o 0 2tCi3V^rK*©G SMB E^S 

(0 9) £[fg-^^il^CS^T*^-o ^roliil 

Gain a*y-x»?»-fe^4. srtfcasare 10 
«j»«ns 0 7^>i 2««bfc#>'<i**tf* 

»A^n. tt«©ia*tcfta»L»i*ufc^ as 2. p 2 

©#MKM nP«E6lC«l«?tlSo »*©H*V-X 

7 ^3a, 4a. 5atf, ^nftlSi^tltV^o Bl 
3CStGSMBE81*ffl^ B 2 fcaVTJRBttlft 
>/-^r>X{cJ:0> InGaAsklnPO^fPil 20 

KTO^IBTfTofco £f\ 1 nGaA 
s 9%}VJ la. ^>f7^3a, 4a, 5a. *5 

J;tfMS/*v*7*llW\ lII«li:vaUBR*Hl»fc 

r ^4a, 5a^MUT. InGaAslWM 
jgjbfeo ^Oft. I n G a A sll^Sffi^t* (A 
s) ffi-e««2-£*fc«>. 2»H. a. 
# 3 a fcJct/S*^ v * 1 ttW»fctR«gS^UA 

si©»» i n p g g_6 gag \ cm& Lftojc (Dm. m\ 
^mmx*\^^f^^t^\ ccD^mmmftic i nG 

a A s»I^SMi9l»A sOW3R5S*ffiU » 
««lClnPS«6^i5AsO»a**M (As<Dl 
^^^cfc^tcli^-r^o S6lc;COBInP 
Sfi6©iaK*. i5fiJ»«8K:J:oTB«U «fi«« 
9rtk:a9-ra«iR CO 4H<D»ffF«»OI n PS 

O^BJ^IrI^p^s 'S;K/1 afr5>Vl/:/2 alctfJift*.* 
» (P) *^tt#X7*ft»snSo fc"£3A,, c<DB#g 



7^;l/72 atcWSI^^ToTfe^Bti*^^ C^JSStt 

T. I n PK«6KttP20#tf^«*i3£kfcft 
£o COt, 2»Hk InPSfi6 0SS^iT*l9l 
W-eP 2 «rI n PS«6tc«SteU COl, 4 
a*mtf I nG a A s 5*]»£^n#iiI:£Jg/S-f £ I n 
P»JS(OtiKS*BBJ&"rSo PzOfiM&WfHfc*. 
-eJi2g>£LT^£tf. SKM nPWE6±tcl» : FJi 

*fctt 1 »?jioSEBt«*»«-rs<D^B-rs P2»o 
[0008] <ns8ffU2> ni4tc. nmM&re^Tum 

vftWK&ttZ I n PSfi6^0»MJS»0«*&**Bi 

/Co (KOi, ^7^4a, fe«fctfS«^-W^7*IB 
tt&C£:T% InPSfi6tCInhP2^mcttlS 
U InGaAsIl^fniS^MWnPl 

[0009] <*«s«3> bisk. ^mmmT^Tum 

^t7^3a^|C, ->^*y # 4 a43cfct5S^> 
*y*7*BBtf\ In^l. 6fPm, InPS«6tC« 
ftlfto C(OIn©««fifHl. 6fM±, IntflnP 

3a*BH«\ PzNn^ I n Pg*6 lC|ip#tC#«& 
U I n G a A sSIt^roftS^MtS I n ?9 

»BBK*V>T A s 2 £ P 2 ^^tt^lTftfe^n^ 
^fDSflf^^ tRI^tf InGaAsP. InA 
sP*fc«4 InAs^^OS»Wn5Ci:S: 

*»acfctfT#teo 06^. HMffy nca^r i n 

Plffi±lcML/c I n G a A s t I n PA^ft^f 
a«ifif»B!tci3V^T. InPTOM^ft^h 
•?3BtRB£*U I n G a A s ^7t:^ tt-isiL Wf- 
»*iit*»Mt/'ci^to In. Ga. AsKWO 

a*. K)iik*oT^fe* (p) *«tra«a»K<o* 

^\f-a«ififSIK«: 2*S B B a X^[H3tffaTSySL/c^^ 
fo I nGa As«Wfr60H9rX^b;l/«:, InP 
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(2e) #f#e>nfco msic ±^mmicm~3 

^T/KfiL;Tcfi?#FM#2 5 AO I nGaAs/I n 
= ^ 7 -feyX X^WRt. ^£>¥fil*i (2 9) *\ 

T©fWu:a«>TWSai-e»«o ±E*RW^f 

77^y^MB^fe i^isoas^f e> n s c ^ « 

InGaAstln p^6aa^-rn«Bfi«MU:ov^T 
BBHUfctf. ffl<Ot««R. ffiJAtfIll-ViS*W#t?* 
tltf G aAsi:InGaP, II- V«*#<*1?*ntf 

ZnSkZnS e *©ffi(0««O^'rD«IJB»M©«« 

[0 0 10] 

[01] *«WO^f-a«ifi»«€)«fiK:iB»a«8« 

[02] #«wo*3»w i o^f-n»iaafKoj««fc:ffl 
[^3] *mR<D$m®\ i cD^xuajgiSfliioscfi^ffl 

[06] 
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[0 4] *^O^ffiey2O^-rn«5fi»H<0dcS^ffl 

[0 6] #fSE<D*fi60J 1 Mlbfc I nGaAs/I 
[07] *?&!H^lflS0!1 1 «It/c InGaAs/1 

[0 8] #?8!H£>|gSS0» 1 "e/SSLft: I nGaAs/I 

[0 9 ] fe&O GSMBE KBOWSK^^r «S0o 
[0 1 0] ^7?&T'/£Sbfc I nGaAs/1 n 
x n iSII^ * - ^ x t^tfr^S^^tBo 
[011] fif«*ffiT«fiUfcI nGaAs/InP^ 

td«»»i© 2 3Bsxisiisitff»j®e**^"r0o 

[01 2] ftSfctfircStfibfc I nGaAs/I nPl 

;l/ * -y -fe >X9JStt*«r^i" 0o 

[ft^OlftJIB] 

U 2, 20, 21 

1 a. 2 a • 

3 a. 4 a. 5 a—S^y* 
4. S-HfrV-^^KMr^l/ 

6— I n PSS 

7— wsv^y* 

8— SCUMS 

1 0 --@{*I n 
1 l — HfrG a 
1 2-7;l//> 

1 3-W7^> 

2 2~-©f*IIIa 
2 3-@ftIIIb 
2 4-S4E 

2 5-Va«IIK» 
2 
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1, 2— 7— £2S>>v? 
1a,2a™/*jt.-r B-6ffi»« 
3a,4a, 5a - 9 
4 , 5 -~mv-Zl&*&*>i' t 10— SK^In 
6— InP£*R n — SK^Gq 

12— TJi>%>> 
13 — /n^7-f V 
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129 




3 — 7?v*>7fcJl, 20,21 — .T*^A" 

3a/*a,5a— 2.**/? 22— ®f*na 

4,5 — e»y-^«t<u 23 ~ra*n b 

25~-Vazfcft* 
26--Vb^/5^ 
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